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3. APPLICATION EXPERIMENT ON DESKTOP CONFERENCING 
 
Desktop conferencing is a highly interactive application that involves real-time voice, video, and 
application sharing. The real-time performance and correct transmission are both important factors 
for usable desktop videoconferencing. In this experiment, each of the three components (voice, 
video, and application sharing) were analyzed for usability and stability. Additionally, a terrestrial 
baseline was established for evaluating changes in application performance when a satellite link was 
introduced. 
 
 

3.1 Experiment Objectives 
 
The experiments were intended to identify the performance issues that should be considered when a 
satellite link is included in the communications system. The objectives of these experiments were not 
intended to evaluate the COTS implementations. 
 
 

3.2 Experiment Methods and Procedures 
 
Intel Proshare® desktop-conferencing units, installed on 66-MHz/486 personal computers, were used 
for both proprietary and H.320 [3] experiments. In addition, one of the Proshare® units was replaced 
with a Picture Tel ® H.320 system to test for similar behavior and interoperability. These units 
represent typical COTS user equipment available and already widely distributed today. The NS/EP 
scenario discussed in Section 1 suggests that existing user equipment that has lost telecommunica-
tions connectivity may have its connectivity restored via a satellite link without modification to the 
user equipment. This user equipment most likely was not designed for use with a satellite nor the 
latest technology. However, the function it provides may be more than adequate for daily operations, 
and may be critical to daily business. The user equipment selected for these experiments is intended 
to model such an environment. 
 
The experiments were conducted using the two equipment configurations illustrated in Figure 3.1. 
For terrestrial experiments, two desktop-conferencing units were connected to a local ISDN switch 
(Teleos ® Network Hub) with BRI ISDN. The ISDN switches were interconnected via PRI ISDN 
service from FTS2000. A bit-error simulator (Adtech SX-12) was connected between the FTS2000 
PRI and the ISDN switch at the Boulder end of the circuit to inject errors into the data stream in both 
directions independently. 
 
For the ACTS-based experiments, the same two desktop-conferencing units were connected to the 
same local ISDN switches with BRI ISDN service in Boulder (NTIA/ITS) and Gaithersburg (NIST). 
The Gaithersburg ISDN switch was connected via dedicated ISDN PRI service to an ISDN switch in 
Clarksburg (COMSAT). The Boulder and Clarksburg ISDN switches were interconnected via PRI 
ISDN service from the ACTS T1-VSATs in Boulder and Clarksburg. A bit-error simulator was



 

connected between the T1-VSAT PRI and the ISDN switch at the Boulder end of the circuit to inject 
errors into the data stream in both directions independently. 
 
The bit-error simulator was used to simulate error scenarios that might be observed over a link in 
actual operations. Two scenarios were investigated. The first was based on a “steady-state” 
environment. For this scenario, the statistics of the random bit errors were uncorrelated and Gaussian 
distributed for the duration of the experiment. This simulates the errors caused by noise from a 
variety of background sources. Thresholds for usability and application failure were determined. The 
second scenario was based on a transient error environment that causes severe error bursts for some 
period. These tests were intended to determine the stability/recoverability of the applications to 
transient error rates. A moderate error background was used with a periodic severe burst of random 
errors of a fixed duration. Thresholds for recovery/failure were determined by varying the burst 
length and intensity. 
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Figure 3.1. Equipment configurations for application experiment on desktop conferencing. 
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3.3 Metrics 
 
Opinion Score: An opinion score (OS) was used to evaluate the subjective usability for the audio, 
video, and whiteboard components of the videoconferencing applications. The evaluator is assumed 
to be a person familiar with operation of the component being evaluated. In these experiments, the 
experiment operator was the only evaluator. The rating scale is defined in Table 3.1 (fractional scores 
were not excluded from use). 
 
 

Table 3.1. Definition of Opinion Score Values 
 

Opinion Score Description 

5 - Excellent No difference between in-person and remote 
perception. 

4 - Good Subtle differences between in-person and 
remote perception. 

3 - Fair Obviously a remote reconstruction, but not 
disturbing to the user in most cases. 

2 - Poor Somewhat disturbing differences in 
reconstruction but still usable. 

1 - Unusable Use of system is not practical. 

 
 
The following examples from everyday experience serve as guidelines for OS ratings: 
 

• OS = 3 is the audio of a toll quality telephone connection; 
• OS = 3.5 is the video quality from NTSC video (U.S. broadcast television); and 
• OS = 5 is equivalent to two users sitting side-by-side editing a document on a personal 

computer. 
 
Tracking response time: This is the time for the initiator of an event to observe the response of the 
recipient. This metric is an indicator of the ability of the system to support real-time interaction 
between two users. 
 
Video error characterization: Descriptions of video errors were based on ANSI T1.801.01-1995. 
[4]. 
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3.4 Experimental Procedure 
 
The following procedure was followed: 
 

1. Observe link signal quality via Eb/N0 at Earth stations to verify low link BER. (A terrestrial 
link is assumed to have a BER less than 10-9.) 

 
2. Establish a desktop-conferencing session. 
 
3. Set the BER for the experiment via the bit-error simulator (see Tables 3.2 and 3.3). 
 
4. Assess video and audio quality via subjective OS, noting the nature of any audio and/or video 

distortions. Record OS and observations. 
 
5. If available in the implementation, establish an application-sharing session (e.g., whiteboard). 

If not available, skip steps 6 and 7. (Note: H.320 does not provide for application sharing.) 
 
6. User 1 quickly moves the cursor from one comer of the screen to the diagonally opposite 

comer.  User 2 moves the cursor to attempt to follow the motion.  User 1 records the time 
from User 1’s initial motion to when User 2’s cursor arrives at the final position via a 
stopwatch (tracking response time).  Record subjective observations on behavior and an OS 
for usability. 

 
7. User 1 continuously moves the cursor in a random pattern around the screen. User 2 attempts 

to follow. User 1 notes the ability of User 2 to follow a similar route. Record subjective 
observations on behavior and an OS for usability. 

 
Table 3.2 defines the set of BER configurations used in step 3 of the above procedure for steady-state 
experiments. 
 
Table 3.3 defines the set of BER configurations used in step 3 of the above procedure for burst 
BER’s. These experiments characterize the transient behavior (e.g., failure/recovery) of the 
application in response to changes in the BER. The burst duration and the burst gap were periodic 
(i.e., not random). This permits viewing the experiment as a collection of burst events that could be 
observed independently to note transient behavior to a single burst event. The background BER is 
the bit error density between bursts. The burst BER is defined as the bit error density during an error 
burst event. The burst gap is defined as the interval between the end of one error burst and the 
beginning of the next. The burst interarrival time is the sum of the burst duration and the burst gap. 
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Table 3.2. Steady State BER Configurations 
 

Measurement Number BER 

1 0 

2 10-9 

3 10-6 

5 10-5 

5 10-4 

6 10-3 

7 10-2 
 
 
 

Table 3.3. Burst BER Configurations 
 

Measurement Background BER Burst BER Burst 
Duration (s) 

Burst 
Gap (s) 

1 10-6 10-3 0.5 10 

2 10-6 10-3 1.0 10 

3 10-6 10-3 5.0 10 

4 10-6 10-3 10.0 10 

5 10-5 10-2 0.5 10 

6 10-5 10-2 1.0 10 

7 10-5 10-2 5.0 10 

8 10-5 10-2 10.0 10 
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3.5 Expected Results 
 
Changes in picture quality due to introduction of a satellite link are likely to be manifested in various 
ways. Compression algorithms tend to have characteristic visible error signatures. For example, bit 
errors in a discrete cosine transform (DCT)-compressed picture result in distorted blocks in the 
picture. Lost frames produce a “jerky” picture that may be observed as a “frozen” frame. Errors in 
a system using differential frame updates may produce a portion of the frame with persistent 
distortions (object retention) until that portion is updated again. A group of several events may be 
recorded as a single “severe” event, as that would be the user’s perception. 
 
Satellite propagation delays may cause some difficulty in real-time whiteboard interactions. This 
difficulty arises from the time required for the parties to observe each other’s actions. Also, the voice 
and video information is transmitted with higher priority than the data. This may cause actions on the 
whiteboard to lose synchronization with the voice and video information. 
 
The experiments involving error bursts characterize the transient behavior (e.g., failure/recovery or 
interruption) of the application in response to changes in the BER. Longer burst durations are likely 
to cause application and/or link failure due to expiration of timers, while short bursts will probably 
make the application unusable (i.e., audio dropout, video frame loss, and suspended data 
transmission) during the burst, but recover. In the case of the error bursts with recovery, the 
experiment identifies the recovery behavior of the system. 
 
 

3.6 Results 
 
The graphs in Figures 3.2 and 3.3 illustrate the usability opinion scores collected for proprietary 
Proshare® videoconferencing over both terrestrial and satellite (ACTS) links, respectively. These 
scores were based on experiments with a BER defined as the mean of Gaussian bit error arrival times, 
which simulates errors from many independent noise sources. The statistics for these errors are time-
invariant for the duration of the experiment. These experiments describe the steady-state application 
performance for a given environment. 
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Figures 3.4 and 3.5 illustrate the usability opinion scores collected for H.320 Proshare® 
videoconferencing over both terrestrial and satellite (ACTS) links, respectively. These scores were 
based on experiments with Gaussian bit errors that simulate errors resulting from many independent 
noise sources. The statistics for these errors are time-invariant for the duration of the experiment. 
These experiments describe the steady-state application performance for a given environment. 
 
No whiteboard data was collected for the H.320 experiments as the H.320 recommendation does not 
support application sharing, it only supports audio and video. 
 
A subset of these experiments also was performed between a Proshare® H.320 system and a Picture 
Tel® system to test for differences in performance with different implementations and interoperability. 
No differences were observed in behavior of either H.320 implementation from a performance or an 
interoperability perspective. 
 
Table 3.4 summarizes the results of the simulated error burst experiments conducted with the 
proprietary system over ACTS. In all cases, the burst intensity was severe enough to render the 
application unusable during the burst. The recovery time indicates the time needed after return to the 
background BER for normal performance at the background BER. No whiteboard measurements 
were reported since the measurement intervals could not be determined reliably. However, the 
recovery of the whiteboard appeared to be similar to that of the video (i.e., updates occurred within 
a few seconds of the end of the noise burst). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.4. Terrestrial H.320 videoconference usability opinion scores. 
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Figure 3.5. ACTS H.320 videoconference usability opinion scores. 
 
 
 

Table 3.4. Recovery Response to Noise Burst (Proprietary, ACTS) 
 

Background Burst Audio Video Burst Duration 
BER BER Recovery Recovery for Total 

  Time (s) Time (s) Failure (s) 

10-5 10-2 5 5 5 

10-5 10-3 5 5 5 

10-6 10-2 1 5 >10 

10-6 10-3 1 5 
10 

(only video failed) 
 

 
 
 
Table 3.5 summarizes the results of the simulated error burst experiments conducted with the 
proprietary system over a terrestrial connection. 
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Table 3.5. Recovery Response to Noise Burst (Proprietary, Terrestrial) 
 

Background Burst Audio Video Burst Duration 
BER BER Recovery Recovery for Total 

  Time (s) Time (s) Failure (s) 

10-5 10-2 <1 2 0.5 

10-5 10-3 <1 2 5 

10-6 10-2 <1 2 >10 

10-6 10-3 <1 2 10 

    (only video failed) 
 

 
 
Table 3.6 summarizes the results of the simulated error burst experiments conducted with the H.320 
system over an ACTS connection. 
 
 

Table 3.6. Recovery Response to Noise Burst (H.320, ACTS) 
 

Background Burst Audio Video Burst Duration 
BER BER Recovery Recovery for Total 

  Time (s) Time (s) Failure (s) 

10-5 10-2 static during 
burst only 2 0.5 

10-5 10-3 static during 
burst only 2 5 

10-6 10-2 static during 
burst only 2 >10 

10-6 10-3 static during 
burst only 2 

10 
(only video failed) 

 
 
 
Table 3.7 summarizes the results of the simulated error burst experiments conducted with the H.320 
system over a terrestrial connection. 
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Table 3.7. Recovery Response to Noise Burst (H.320, Terrestrial) 
 

Background Burst Audio Video Burst Duration 
BER BER Recovery Recovery for Total 

  Time (s) Time (s) Failure (s) 

10-5 10-2 I 2 >10 

10-5 10-3 I 2 >10 

10-6 10-2 I 2 1 

10-6 10-3 1 2 >10 
 
 
Figures 3.6 and 3.7 illustrate the tracking response time data collected for proprietary Proshare® 
videoconferencing over terrestrial and satellite (ACTS) links, respectively. These scores were based 
on experiments with Gaussian-distributed errors. Response times were not measured beyond 15 s as 
such times were considered far outside reasonable real-time interactive limits for such a primitive 
action. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.6. Terrestrial tracking response time. 
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Figure 3.7. ACTS tracking response time. 
 
 
 
Audio delays for both terrestrial and ACTS experiments caused conversation conflicts. An experiment 
conducted between two units in the same room revealed that processing and transmission, using only 
a local ISDN switch, resulted in a one-way delay of about 1s. 
 
 
3.6.1 Characteristics of Errors 
 
Video: 
 

The proprietary video processing appeared to detect frames with errors and did not display 
video frames containing errors. This resulted in a “frame freeze” for the last correct frame. 
This resulted in jerkiness, a still frame, or no image until the first good frame was received. 
 
A typical H.320 video frame is shown is Figure 3.8. The H.320 video presented frames with 
errors. Two classes of errors were noted: error blocks and motion-related artifacts. Motion-
related artifacts resulted in incorrectly translated portions of the frame (Figure 3.10) or 
“ghosting” (Figure 3.11). The block errors resulted in block distortion or tiling in the image or 
blurring typical of errors in a DCT-compressed image (Figure 3.9). 
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Additionally, when noise bursts occurred with a high (10-5) background BER, video recovery 
appeared to occur in multiples of 2 s. This was believed to be caused by background errors 
causing successive recovery cycles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Audio: 
 

Errors in the audio data stream of the proprietary system generally resulted in audio blanking. 
No noticeable noise of any other type was observed other than very minor loss of fidelity at 
lower error rates (<10-6). 
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In contrast, errors in the H.320 audio stream resulted in “static” which varied with the BER 
from an occasional “pop” or “crackle” beginning to be noticeable at error rates of 10-6 to a 
roar of white noise that overwhelmed the audio signal at high error rates (>10-4). 
 
The difference in the behavior appeared to be due to implementation choices, as both systems 
began to degrade at similar BER’s. 

 
 
Whiteboard: 
 

Errors in the whiteboard data stream caused loss of interactive responses. Display updates 
became irregular, and in severe cases ceased, with a simulated BER in excess of 10-5. 

 
 
General: 
 

Service provided by the ISDN switch, the satellite signal processor, or FTS2000 failed when 
subjected to severe BER’s. Connections were consistently lost with a BER of 10-3. 

 
 

3.7 Analysis 
 
The usability curves for proprietary and H.320 videoconferencing are very similar for both terrestrial 
and satellite configurations. For voice and video, both usability curves begin to degrade at a BER of 
10-6. However, the video degrades more quickly, becoming unusable at a BER of 10-4. The voice 
remains usable at a BER of 10-2 or greater. 
 
The behavior of the whiteboard, similar to that of the video, begins to degrade at a BER of 10-6 and 
becoming unusable at a BER of 10-4. 
 
The difference in the audio usability between the proprietary and the H.320 systems is due to the 
different implementation approaches used. The proprietary system blanks the audio signal when 
noise is detected, causing audio gaps but preventing loud blasts. The H.320 system does not blank 
errors; the signal simply gets increasingly noisy until it is unintelligible. 
 
The initial difference in the usability of the whiteboard component between satellite and terrestrial 
configurations was attributed by the users to increases in the interactive response time. This 
additional delay caused a minor increase in annoyance when attempting to perform highly interactive 
tasks as tracking the other user’s cursor. However, the minimum interactive response time was 2 s. 
This is much greater than the increase in delay caused by satellite propagation (about 0.25 s). 
 
Both proprietary and H.320 systems were extremely stable when subjected to severe simulated error 
bursts in either terrestrial or ACTS configurations. The videoconferencing systems rarely had fatal



 3-15

errors even when subjected to the most severe simulated errors (10-6 background BER, 10-1 burst 
BER for 10 s). In contrast, a burst sent into the terrestrial network with a BER of 10-3 for greater 
than 5 s consistently resulted in a lost connection. 
 
 

3.8 Interpretations 
 
1. BER, not delay, is the principal factor in videoconferencing usability. The data indicate that 
all components of videoconferencing began to degrade with a BER in excess of 10-6 and became 
essentially unusable with a BER of 10-3. The usability scores for satellite versus terrestrial 
communications services were essentially identical, indicating that satellite delay was not a 
significant factor. This was partly because the delay added by a satellite was small compared to the 
processing delays of the applications themselves. Therefore, a user that is accustomed to the delays 
incurred with the terrestrial services is not disturbed much by the increased delay incurred by the use 
of a satellite. A maximum BER of 10-6 is recommended for reliable videoconferencing. 
 
2. Bandwidth management of various data streams may cause synchronization problems in 
highly interactive activities. Voice and video take priority over data transfers in the Proshare® 
implementation and only BRI bandwidth is available for this application. Therefore, whiteboard 
activity tends to lag behind voice and video signals due to preemption of the whiteboard data. The 
voice and video signals must be synchronized to prevent very disturbing synchronization problems. 
The data are allowed to use any bandwidth that remains after voice and video requirements are 
satisfied. If major data transfers are required, the available data bandwidth is easily exceeded causing 
delayed updates in the data-based activities. 
 
3. Additional delay due to the satellite is an important factor in highly interactive activities. 
Although the additional delay of a satellite link is only a fraction of the total transfer delay for this 
application, and therefore a minimal problem for most voice, video, and data uses, highly interactive 
uses (e.g., talking while using the cursor to point at objects with responses from the party at the other 
end) become increasingly difficult with increasing frequency of interaction. 
 
4. Terrestrial communications links may fail when sustained, severe BER’s are present. Data 
transmitted through the public terrestrial network with a BER in excess of 10-3 that persist for several 
seconds resulted in lost connections. However, the applications themselves were able to remain 
stable with higher error rates when the errors did not propagate through the network, but were 
generated locally. This behavior may be attributed to an administrative decision in the terrestrial 
network to terminate connections that have persistent errors. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


